INTRODUCTION
Melon cultivation is an important agricultural activity in Brazil, especially in the Northeastern Region, which accounts for over than 80% of the national production, mostly for the export market, mainly to Europe (IBGE, 2012) . Besides income, melon production chain generates about 28,000 direct jobs and 84,000 indirect jobs, contributing to the social development of that region (IBRAF, 2008) .
During its cultivation, melon is attacked by pests, mainly by the leafminers Liriomyza sativae Blanchard and Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) ARAUJO et al., 2013) . High leafminer populations are a major problem to melon production in northeastern Brazil because their larvae consume the leaf's photosynthetic area, reducing the sugar content of the fruit (ºBrix) (ARAUJO et al., 2007; ARAUJO et al., 2013) .
To keep leafminer populations below an economic issue level, it is essential to adopt control measures such as insecticide spraying. However, market demands for fruit crops produced with minimal spraying, without the risk of having residues above legal limits, in addition to environmental concerns, require the integration of control methods, as recommended by integrated pest management (IPM) and integrated fruit production (IFP). The IPM and the IFP prioritize the use of control tactics that preserve and promote the action of natural enemies, especially parasitoids and predators, to control populations of pest insects (GRUTZMACHER et al., 2004; GUIMARÃES et al., 2008) .
Thus, the significant presence of natural enemies of leafminers, such as the parasitoid Opius scabriventris Nixon, 1955 (Hymenoptera: Braconidae) , in areas cultivated with melon, justifies the inclusion of the biological control into the IPM strategies against melon leafminers in northeastern Brazil (ARAUJO et al., 2008) . In different parts of the world, there are reports of effective contributions of parasitoids from the genus Opius in regulating populations of Liriomyza sp., with the commercialization of some species of Opius to control agromyzidae in greenhouses in Europe and the U.S. (WHARTON, 1993; MURPHY; LA SALLE, 1999; PETCHARAT et al., 2002) .
In the search for a better usage of parasitoids into IPM programs, studies on the selectivity of insecticides to these natural enemies have been conducted in several crops (LARA et al., 2002; HERNÁNDEZ et al., 2010; NOGUEIRA et al., 2011) . According to Prijono et al. (2004) , Hossain and Poehling (2006) and El Bouhssini et al. (2008) , insecticides based on Abamectin and Pyrethroids are the most toxic to parasitoids from the genus Opius, while Cyromazine has no toxicity to many species of this group.
However, studies on the toxicity of insecticides to parasitoids from the genus Opius occurring in Brazil are scarce, especially regarding to melon crops. Therefore, considering the relevance of O. scabriventris as an important ally against melon leafminers, and the lack of studies on the effect of insecticides on this parasitoid, the objective of this study was to evaluate the toxicity of insecticides used in melon crops against the parasitoid O. scabriventris.
MATERIAL AND METHODS
The work was carried out in an acclimatized room at 25 ± 1°C, 65 ± 10% R.H., and a 12h photophase, at the Laboratório de Entomologia Aplicada, Universidade Federal Rural do SemiÁrido (UFERSA), Mossoró, Rio Grande do Norte, Brazil. The tests were conducted using adults of O. scabriventris, not separated by sex, aged 24-48 hours, from the maintenance rearing of UFERSA.
Initially, puparia were taken from the laboratory rearing and then placed individually in glass tubes (8.5 cm height X 2.5 cm diameter), with the upper end closed with plastic wrap, where they remained until adult emergence.
The toxicity of the insecticides to the parasitoid was evaluated in two distinct bioassays: I -Contact of parasitoids with a freshly sprayed surface; and II -Contact of parasitoids with a surface containing dried residues of the insecticides. This second bioassay was performed only with the insecticides that showed to be toxic in bioassay I. The exposure of parasitoids to the insecticides was performed inside plastic arenas (6 cm height X 10 cm diameter), with the top covered with an antiaphid netting in order to allow air circulation. During the bioassays, the parasitoids were fed with a honey solution (10% in distilled water) soaked in filter paper cards (1 cm 2 ). The treatments consisted of eight insecticides used in melon crops in their maximum doses as recommended by the manufacturers ( Table  1) . As a control treatment, distilled water was used. The bioassay I consisted of nine treatments, eight insecticides and the control, whereas the bioassay II consisted of four treatments: the three insecticides that were toxic to the parasitoid in bioassay I, plus the control treatment. Each treatment consisted of four replicates, being each replicate characterized by an arena containing five adults of O. scabriventris. The experimental design was completely randomized. In both bioassays, the arenas were sprayed using a manually pressurized sprayer with a flow rate of 0.58 mL/s and an average application rate of 0.00583 mL/cm 2 , following the recommendations of Sterk et al. (1999) and as recommended by the IOBC (International Organization for Biological and Integrated Control of Noxious Animals and Plants). For the calculation of the average volume of Toxicity of insecticides… ARAUJO, E. L. et al solution sprayed, the method described in Carvalho et al. (2002) was used, according to which 15 filter paper cutouts measuring 13 cm 2 each were individually weighed before and after spraying with distilled water. The average was obtained by the difference between the wet weight and the dry weight of the filter paper.
In bioassay I (contact of parasitoids with a freshly sprayed surface), adults of O. scabriventris were placed into each arena immediately after the spraying of the treatments (within of the arenas), and then directly exposed to droplets of the insecticides. In bioassay II (contact of parasitoids with a surface containing dried residues of pesticides), the arenas were sprayed with the treatments and then transferred to a ventilated and shady place, where they remained for two hours until all the sprayed products were dried. After this period, the parasitoids were placed inside each arena, being exposed to dry residues of the treatments. In both bioassays, the parasitoids were distributed inside the arenas with the help of an entomological aspirator.
The mortality of parasitoids was evaluated continuously, each hour after the exposure to the treatments, up to 24 hours. Dead insects were those that did not respond to mechanical stimuli at the time of each assessment. These stimuli consisted of touching the insects using a thin paintbrush.
The degree of toxicity of the insecticides against O. scabriventris was recorded according to IOBC indexes (International Organization for Biological and Integrated Control of Noxious Animals and Plants), and the products were classified as follows: Class 1 -harmless (<30% mortality), Class 2 -slightly harmful (30-79% mortality) Class 3 -moderately harmful (80-99% mortality) and Class 4 -harmful (> 99% mortality).
For data analysis, the values for mortality were subjected to an analysis of variance, and the means were compared using the Scott-Knott test at 5% probability using R Software (R DEVELOPMENT CORE TEAM, 2011). No corrections were necessary, since the control treatment recorded no deaths.
RESULTS AND DISCUSSION
In the bioassay I, Cartap hydrochloride caused mortality of all insects ( Figure 1 ) and was considered harmful (class 4) to O. scabriventris. The toxic effect of this product was observed within the first hour of exposure, when all insects were already dead. It was also found that the contact of insects with the product quickly paralyzed them; they died soon after. According to Lee et al. (2003) , these are the main symptoms of poisoning by Cartap hydrochloride, because it competes with acetylcholine for its receptors, inhibiting the mechanisms of conductance of Na + and K + in the postsynaptic membrane, causing insects to remain paralyzed before dying. Other authors, such as Lara et al. (2002) , also reported toxicity of Cartap hydrochloride to Liriomyza sp. parasitoids (Braconidae, Eulophidae and Eucoilidae), and found a 70% reduction of these natural enemies after spraying this insecticide in fields. It is worth mentioning that several factors can interfere in a field spraying, causing the insects not to be exposed directly to the spray solution, and therefore having a lower mortality.
The treatment Abamectin + mineral oil was also considered harmful (class 4) to the parasitoid, causing 100% mortality at the end of the evaluation period, being statistically equal to Cartap hydrochloride (Figure 1 ). It was found that 70% of the insects died within the first six hours of exposure, a slower mortality rate than that caused by Cartap hydrochloride. Bloomquist (1996) notes that Avermectins act by stimulating Cl -flow into the nerve cell, causing a blockage of the transmission of stimuli, so that the insects become paralyzed before death. The noxious effect of Abamectin to parasitoids from the genus Opius was also observed by Prijono et al. (2004) , who used half the dose (0.0092 g a.i./L) used in this study and found a high toxicity of this insecticide to these braconids. Hossain and Poehling (2006) reported that Abamectin is harmful to the parasitoid Opius (Opiothorax) chromatomyiae (Belokobylskij & Wharton) at a dose of 0.036 g. a.i./L, twice the used in this work.
Deltamethrin caused mortality in 50% of insects after 24h of exposure, differing statistically from the other treatments, and it was considered slightly harmful (class 2) to O. scabriventris. Soon after contact with Deltamethrin, 45% of the parasitoids quickly showed paralysis followed by death, characterizing a "knock down" effect. This behavior is typical of insects contaminated with pyrethroids because these compounds act preventing the closing of sodium channels, thus blocking the transmission of nerve impulses (WARE; WHITACRE, 2004) .
El Bouhssini et al. (2008) evaluated, under field conditions, the effect of Deltamethrin on adults of Opius monilicornis (Fisher), a parasitoid of Liriomyza cicerina (Rondani), at twice the dosage used in this paper, and found that this insecticide was responsible for a 76% reduction of adults of O. monilicornis. Other authors have reported Deltamethrin as moderately harmful to braconids (MANI, 1995; PICANÇO et al., 2003) .
Cyromazine, Pyriproxyfen, Thiamethoxan, Acetamiprid and Indoxacarb did not cause mortality of parasitoids and were classified as harmless (Class 1) (Figure 1) . The selective effect of Cyromazine can be explained by the fact that this insecticide belongs to the group of triazines, acting mainly in the young stage of the insect, being therefore a potent inhibitor of chitin synthesis in dipteran (FRIEDEL; MCDONEEL, 1985) . Also according to these authors, this compound is more effective in early stages and has little or no contact action; it must be ingested by the larvae in order to become active. Our results corroborate the observations of Moreno-Mari et al. (1996) and Prijono et al. (2004) , who reported the selectivity of Cyromazine to Opius sp.
The selectivity observed in Pyriproxyfen may be related to its mode of action, once it is an agonist of the Juvenile Hormone ("juvenoid") (MARÇON, 2011). Abdallahi et al. (2000) evaluated two doses of Pyriproxyfen (0.05 -0.075g a.i./L), lower than that used in this work, on the parasitoid Opius concolor Széplieti, and found that this product did not affect parasitism, but the highest dose used caused a reduction in longevity (53.8%).
The non-toxicity of Thiamethoxam, Acetamiprid and Indoxacarb to O. scabriventris is probably related to their mode of action. Wing et al. (2000) report that the insecticide Indoxacarb has an activity on insects of the order Lepidoptera, and, according to Nauen and Denholm (2005) , neonicotinoids, e.g. Thiamethoxam and Acetamiprid, have a systemic mode of action and are specific for the control of sap feeding (Hemiptera) and defoliator (Coleoptera) insects. Prabhaker et al. (2011) emphasize that neonicotinoids are considered selective to natural enemies, unless they feed on infected plant tissue or on contaminated prey/host.
According to the data obtained in bioassay I, only three insecticides were toxic to O. scabriventris: Abamectin + mineral oil, Deltamethrin and Cartap hydrochloride. These three and a control treatment (distilled water) were used in the bioassay II. The parasitoids were exposed to a surface containing dried residues of the products. The treatment with Abamectin + mineral oil caused high mortality on adults of O. scabriventris. The first toxic effects of this treatment were observed 20 minutes after exposure, when parasitoids showed the same behavior observed in bioassay I, i.e., after contact with the product, they remained totally paralyzed until death. However, the highest mortality rates occurred after 20 hours. At the end of 24 hours of observation, it was found that this treatment was responsible for 100% mortality of insects ( Figure 2 ) and was classified as harmful (class 4) at this method of exposure. Figure 2 . Total mortality of Opius scabriventris after 24 hours of exposure on a surface containing dry residues of insecticides used in melon crops.
The toxic effect of Abamectin may have been prolonged due to its mixing with mineral oil, since, among the products evaluated in bioassay II, this was the single one that kept a high level of toxicity and was the only one mixed with oil. Curran et al. (1999) emphasize that mineral oils can act decreasing the volatility and the photodegradation of insecticides, thus allowing a prolonged effect.
Regarding Deltamethrin, only 15% of mortality after 24 hours of exposure in this second bioassay (Figure 2 ) was recorded. Differently from bioassay I, it was classified as harmless (Class 1) to O. scabriventris. In a behavior very similar to that observed for insects contaminated by Cartap hydrochloride, 50% of the individuals remained totally paralyzed for about 20 hours, starting to move normally after this period.
Differently from the results obtained in bioassay I, Cartap hydrochloride was classified as being harmless to the parasitoid (Class 1) as it caused mortality of only 5% of parasitoids ( Figure  2 ). It was observed that 40% of the individuals were completely paralyzed for about 20 hours and then started to move normally. The main symptom of cartap hydrochloride intoxication in insects is paralysis. According to Marçon (2011) , this compound inhibits sodium ion conductance in the post-synaptic membrane, blocking neural impulse transmission.
In spite of the insecticides Cartap hydrochloride and Deltamethrin having demonstrated toxic effects to O. scabriventris in bioassay I and Abamectin + mineral oil being toxic in both bioassays, a lower field toxicity of these products are expected, since insects' exposure to pesticides under natural conditions is less harmful than in laboratorial experiments. These are the first results on the effect of insecticides to the parasitoid O. scabriventris, an important natural enemy of melon leafminers. The information obtained in this study will allow a better-integrated management of Liriomyza in melon crops, increasing the populations of O. scabriventris through the adoption of non-toxic insecticides against that parasitoid.
CONCLUSIONS
Cartap hydrochloride and Abamectin + mineral oil, when sprayed freshly, are harmful to O. scabriventris.
Abamectin + mineral oil showed to be toxic even when the parasitoid comes in contact with its dry residues These two insecticides should be avoided when using an IPM strategy involving the use of this natural enemy, mainly the latter, which remains harmful even if used during the low activity of the parasitoid, for it does not provide an ecological selectivity.
RESUMO:
O cultivo do meloeiro é uma importante atividade agrícola na região Nordeste do Brasil. Durante seu cultivo comercial, o meloeiro é acometido por pragas, destacando-se as moscas minadoras Liriomyza sativae Blanchard e Liriomyza trifolii (Burgess) (Diptera: Agromyzidae). Para manter a população da mosca minadora abaixo do nível de dano econômico, é essencial a adoção de medidas de controle, como a aplicação de inseticidas e o controle biológico. No entanto, são escassas informações sobre a toxicidade dos inseticidas utilizados na cultura do meloeiro sobre os inimigos naturais da mosca minadora. Portanto, o objetivo deste trabalho foi avaliar a toxicidade de inseticidas utilizados na cultura do meloeiro sobre o parasitoide Opius scabriventris, inimigo natural de moscas minadoras do gênero Liriomyza (Diptera: Agromyzidae). O experimento foi conduzido em condições de laboratório, em delineamento inteiramente casualizado, utilizando dois bioensaios: I -Contato dos parasitoides com superfície recém pulverizada e IIContato dos parasitoides com superfície contendo resíduos secos dos inseticidas que foram tóxicos no bioensaio I. Nos dois bioensaios, a toxicidade dos inseticidas foi avaliada por meio da observação da mortalidade dos parasitoides. No bioensaio I, dentre os oito inseticidas avaliados, somente Cloridrato de Cartap e Abamectina + óleo mineral foram considerados nocivos (classe 4), e Deltametrina mostrou-se levemente nocivo (classe 2). No bioensaio II, apenas Abamectina + óleo mineral foi prejudicial (classe 4) ao parasitoide O. scabriventris. Estes são os primeiros resultados relacionados ao efeito de inseticidas utilizados no manejo de pragas do meloeiro sobre o parasitoide da mosca minadora O. scabriventris.
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